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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method 
comprising an optimal process for forming a new GaN substrate into 
a thin film and carrying out a cleaving work when a laminated 
structure is provided on the new GaN substrate for manufacturing a 
nitride semiconductor device. 

SOLUTION: A laser laminated structure is formed on the GaN 
substrate as usual. In a thin film process, the GaN substrate side of 
a wafer is roughly polished, and the thickness of the substrate is 
adjusted by polishing the wafer with diamond abrasive grains having 
grain diameters of 0.5 to 3 jxm in a middle polishing process. A 
buffing polishing platen is used in a finishing polishing process, the 
wafer is polished through an alumina polishing method wherein 
alumina abrasive grains 0.3 to 1 5 urn in grain diameters are used as 
abrasive materials, and water is used as a polishing solution. The 
polished surface of the wafer is turned to a finishing surface nearly 
like a mirror surface, and the wafer is set as thick as prescribed. In 
a cleavage process, scribing lines 50 are provided on the surface 48 
of the wafer on a laminated structure side with a scribing device. 
The scribing lines 50 are provided on cores 38 on the GaN 
substrate at right angles with laser stripes as leaving a gap between 
the cores, and the dashed scribed lines formed of scribing short 
lines 52 on the cores 38 are provided on the wafer through its 
overall length. 



M>zL ___ y ^4S Ox^i 




LEGAL STATUS 

[Date of request for examination] 06.06.2005 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiner s decision of 
rejection] 

[Date of extinction of right] 



JP 2004-22785 A 2004. 1. 22 



(19)B*Btt!?lf(JP) (12) 4i US $t I* & 31(A) (limifitiSSfiHllMr 

$$BB2004-22785 
(P2004-22785A) 
(43) & MB ¥*16#1S22B (2004. 1.22) 

(51) Int. CI. 7 Fl ^_-7 3 _ K (# ^ } 

H01S 5/323 HOIS 5/323 6 1 0 5F073 

H0 1 S 5/00 HO 1 S 5/00 



ssis* *ia* mmMcom sol (± u h) 



(21) {HIP## *SJS2002-175444(P2002-175444) 


(7i) jujpa 


000002185 


(22) ifcJffiB VmumR 17B (2002. 6. 17) 










mmanffijii E^taiii 6 t§ 7 # 3 5 ^ 




(74) ftlA 


100095326 










(72) 5|BJi# 


*liS # 






mmm!s&;iiE4tfi&)ii6TB 7©3 5# y 










(72) 


m« mi 






gt&®B5TUBJII3TS5 3f2t y^ 










F^-A(l 


! %) 5F073 CA07 CB02 DA32 DA34 DA35 


(54) mm^m mt# v v ^m*uu$&¥<o&mftm 



(57) imm 

aN»E(BS:3£HiJ«9jDXL, &^T^iJ^DXT\ AS 
3e«tS:«l\ LTttSO. 3 ^ mai 1 5 M m 

Ga NatE^3T«B3 8 ir^TgBtwPflSrmKS^Lra 



38 3 7^ 



50 >rff**jt 




48 ^X/\S 

40 GaNSfe 
42 U— +f 

36 ISSUE 
42 ^MfiliSE 



(2) 



JP 2004-22785 A 2004. 1. 22 



[ * M * O ft H ] 
I fit* 31 1 ] 

X , 

g a n m m *» e * s c * ^ ± k are # y g a 

IM 0 AD X R t>* -f ft] 5 AO X tc |ft < ft X If gij 5 AD X t? , ffiWi LtlftSO. 3 v m &L ± 1 5 
aj maT«7;Mtiife?:, WlgtiJi L t * ^ ftffl t 5 7 yu i t {)f i C J; ? ai /n G 

[ n * m 2 ] 

f± ± if m o ad x w gfr o 4 1 8>l *) ad x r- 1± , m & & o . sumHis/tmtirro^^teet' 

G a NiSKffilo^ai^BSrWlBi-i-irSr^aii-SI***! ft fE * <75 S ft % V -7 a jfc i£ 
[ » # « 3 ] 

® t -r 5 i i # js i x is 2 ie m <D m. it iS V <tr J* & *m #X * <o m a 

[ W * *S 4 ] 

J5«ift&Stgcfi±ia3'ijT*Stg&KiiL,Tv>3G a NS«^S«ti-6ffi{fc:^U ^A^^^ 20 
i$3if : F-e75®fit;5'i£T*&o-c, 



G a NSg 


7}> 


lb 


& a 


<y 


x: /n X (C ^ ft 


# 








L 










» BMfc L fc 






? ^ 


</> 


& m m -t s §t 


M 




AH 


5 BR ft 




G 


a N 


s 






XI 


T 




CO 


Pel T? n Mt * tt 


it 


r=>r§p±^-u — -y-'x h ^ 




K 5? 


•t- 






(75 




ff * S M -C 


it 






XI 


r sn x co ^ # 




*S*M»e>&5«£igl:|£(75<5r# 










ft 


*P 






t 


& 




t 


•*- a a ft # y 




A^^a|«s:»^-(7DM3t*& 


o 














I IS * II 5 


] 




























# =3f tS^ 


CO 


ft 








CO 


3 r g|$ (75 4i X (4 K y h ^ (75 


3 T 


95 <75 m 






ft < 






o 3 0 /i m 




± 


•x* h 




. y * ' * *s & 


t 


* ■# t <om m « s ft 


it y 


V A ^ 








T- 


cd 


— U-* * h 


7 






(75 


as sb « w ± t? 






4 ft 


I5tt<75 


a 


ft 


^ y 


^7 


A 30 



[ I » * rg 6 ] 



l±5(rte«((75gft^y ?A^i£a|M$lit^(75M;/7&: 0 
[ 1* * * 7 ] 



§? M T 5 Ri »c it . <rtf*m 




tz <y 3i g 


^5 G 


a N 


S fill CO ? m 






x I* a m m & mi <o 


7x/NBf&5 IC t5> 7i> ^ 




a s hi it m 


CO 




ffi Sr T tc Lt 




a n m m m <r> v ^ m ± * 


D — 7 


•c 5t # « (C 


(Si It 




L O o G a N 


S 


48 






£ §f 




#® 


t ir 


5S*|4 


b 


6 


n/^ i 


IE«<75S{t:^y ^a^j^^ 




CO St it * JSfe 


0 












[ 8 ] 


















7X^*iMt5f nig 


C5 mi co 


» flf* ft X 11 


-C 14 


s G 


a N S £ M CO 






ffi 60 jft fiij o Jo x 


^ rj< 4> B'J 0 Ad x (c m < f± ± 


if S'J 0 


Ad x X- s w 




i L 


T ft m 0 . 3 




m 


Will 5 // m « T 




« t L 


t tK & & m 


-r a 




5 -t- m m ic «t 




G 


a N S *S ffifl (O V 




its 


M * Jf 7 IC 




CO ^ 


ft # y ni 




av 


f$ )K + co H it *r 


Q 

.[ % (75 I¥ M ft ft 53 J 


















[ 0 0 0 1] 


















* 51 (4 . Hb^U 7^1 


*m\* 


* -7- co $f it 














a Nlfitisttsifl: 




A ^ ^ * 




Sr»iti-Sft^A: 


9 







40 



(3) 



JP 2004-22785 A 2004. 1. 22 



inttsistii. mm iKf&$: ± c z ?> z t ft < mmmx- z . & ^ -c- st m x m x it . 

Sl:«t5 t © T* fo 5 o 

[ 0 0 0 2] 
I tt * ft « ] 

£ <b # y * a ^ (ht, ^mifcis-irm + te. n^t-h^n-m^^-^ 

¥*f*:u — -TlR^-li. % 3t Ji CO - SB CO * tc jt * M C ii £> T fit * - K £ M ft) 1" -5 fc nb lz . u 

. g a n & * i* <* u - * t . * - ' * b y 4 -/ m m ic u o x , a * ft u tt , mnmfc 

mc a NS^i^u-f 5gi=-i:SSf$iKSG a N 56 ^ * - f s Si ^ * Si| £ ti 5 „ 
[ 0 0 0 3 ] 

r r X , B4tr#iLT. W x. , n MG a Nl«±|:iiS$ti, I*f u - t' 

^«K§ico^ by^ymm^m^tzGa um*m & is- -fx* n timi- sm 

Ifi^lSilGa Nl*I*l'-fif 1 Oli, H 4 IC S t <t 5 I- * n§!|GaNS«12 
± tC, HI Ik f& ft L , n|AlGaN^7^'|14, nlG a N*#-f Kl 1 6 , In 
G a Nffitti 1 8 , pfGa N*#^ Kg2 0, p S A I G a N ^ 7 7 Kl 2 2 , St/p 20 

[ 0 0 0 4 ] 

pSGaNxtV;?^ H2 4fitfplA 1 G a 7 y Ki 2 2 Wiflitt, & Jj ft <D M &) 

MlcJ:fJ«l*|6]C07tWi:iii«)SrtT9 L' — if * b 7 4 7° Z 6 & m f* L T t > 5 „ 

plltl3 0A: P SGaN = >?^ hl2 4±|C^- 5 nlGa Nli 

1 2 CO & E JC ti , n illffi 3 2 ? -7 ^ 14^, 2 8 li S i O 2 

« co M ft II X* fo 5 „ 
[ 0 0 0 5] 

HI L 1 1 ^ , fU!#*iSIroG a N^¥f U-f t^li, S * ft Id li , m ffi m m & M G 30 
CO & Ji ® 755 , h 7 4 7 ft ft ^Mffc £ iitz p n^-g-^-ffi^lcj; 5 m 8ft ?<5 18 it 

[ 0 0 0 6 ] 

& V > "C, i5?:#ILt, « /I P it CO fl2 fi£ff CO fiD I £ £ iC L T , G a N|#||$l/-f| 
T-10CO<^|8^feS:ULB^-rSo 15 (a) (e) (± , ^ft^'tl, GaN^^*f$U — 

■y*-T-4r«ift-*-*BSwWBi&0«»BII#IR*|jiW-f6^«B|-e*>So 

5fe T , nlGa NSSl 211;, 9 nlG a !>x^J:|;, G a N JiUfc 

^iSftiSrMOC VDft§i:j: ^^cf^^-^-v/Ufijcft^-tirT, HMJCTP-nSJUSitSr^fifc 

l, fti>-c-7* h y y ^7 7 fes, x y f y^joi^^ffot u -y-^fSit^^^L. ^ 40 

^tll 7^iilll;pili3 O^ilSL, 15 ( a ) IC Tji f «t ? I- , n $1 tt ® 3 2 £ 
[ 0 0 0 7] 

n ^ fig 3 2 £ fiK "T 5 (C ^ 9 , nlGaNSSl 20lB*«8lt, H 5 (b) (C 

*ti?l:, nlGa NISI 2WSfif(Srl 0 0 p m SS I: IS W iRIk t 5 . j$ Mfc 

x a co ft tt ± «f * -r y 7" x it , ^ssrWi-fctot;, ffiftt l, t = □ •/ y * ^ if 

o 

W*Lfc£«||m;nffll«ffi3 2& «»*?-5&«|J|«r?!K*$-Br.5 0 50 



(4) 



JP 2004-22785 A 2004. 1. 22 



t 0 0 0 8 ] 

ft^t', 05 (c) iZ^-f X 0 iZ, U — V s * V 7 4 7 Jj fa \Z Z> 15 fa iz ? 4 T * > V 

. ft Pi L , 05 (d) K * -T X o iz , »WBSrttJ*t4BiBti-5^-¥--'<-S:^fife-*-5. 
M n T . u--tf • /< — <o^M®lcit^-r5*-|6], o £ v) * h?-<-71;fa\z>rjf*m 

£ A tl X 9l £•! L . 05 ( e ) icipfijl:, f-y^lttS. 
[0 0 0 9 1 

[ 31 3U 755 m * L «t 5 t -f Z> BR « J 

<h - 5 -C- , GaN|*S«:i/-f*f«I«it5;H!f§5J:^i, *S * R& eo '> 
I'^gOGa NfifilSSrlittC^KtSrtll, % * , «AT*L*»ofc*s, § jfi 
. %tfiLte&ffit l zm-?<±'&<DGa N|.e B B B Sffi^i^$Jloofc5 0 

»!4l)SCGaNi8 a B B iS3 4tt, l6i:$t<t S I « )6« S X Pfe fflJSt 3 6 J; 

EJ"lTS«SrJtiiL-C^S. 06 (a) (b) fi , * ft *f *l . a7»St)!fi*S^» 

=» T SB (75 B2 ?U * — V fi . g ffi T- $> o T . Illitf K y h - V i Lt, 0 7 

( a ) IC ^ "T <fc 9 * * # -T- 1£ CO gfi ?IJ , 0 7 ( b ) \z m -t X 5 ne IE # & ^ CO SS ?i| , & 

0 7 ( c ) tc tj% -r X 0 * ft # 7f£ ft -7- ft CO IE ?i| ^ 7)5 « . 
[ 0 0 1 0 J 

* fc , 3 r SB <o is m /< * — > it . ± ii£ (D X 0 t£ ft ft M /< * - v it* it T* fi < . 

( a ) fc in -T J; 5 iz , ,6 # co a r ms t)5 Wt L T Ift #t \z ga fi $ ft t> co , E \z it 0 8 ( b ) 

a NSS, 4 2 fi G a N X « 4 0 B £ ft ^ * ft U - Hf lit ^ U - if ;* h 7^ 7"{fli4 

^ -f „ 

{001 1 l 

±ft(D G a N * £r A S 1£ (i , ^§82 0 0 1 - 1 0 2 3 0 7^<k$8ir|W|;^£ftfcgr.flf£&& 

u , (s at a PS si he 4> % £ -r a =■ r sb <n & m & m m -t z> z t iz x <o , m & z ft tz <b w x- 

^> o 

BfclH*Ltrtftt6lii:J: 0 , IE ffi «: » S * , 3f«otfcR(cteffiS:*^$-fr5 0 r 

- , t07rt«; h an #4 ffi T A tc « , W»*»»&ttofcjK*#^fcPfeW**£rtLo 
o ift S i« tf n , *g ffi tt , ***oXI*l!II*o*#fcsvwi*cort«tj|idL, ::t'fi 

[0012] 

h #t w » ^ tt , -t co K y h IS <b L r 7 r -fe y V S ^( 5 « # % 7 7 t y Mi*>645 f 

* fc , ^ Pfe M m ifi . ^ h 7^ ^ttwa^li, ^h7^/S:ffi<tLttwH«t77t!y 
h ffi ffl #4 B 5r * L , il:tflLfc3ftS^)7 p y XA^07/t FBtiS, 
[0013] 

a o 4 fc , * «s b s b -c fc 5 75^. ja n <r> \& m m x m m m ic m l t , iifutt^s^ua 

«!: ft < % 77t^BiI»Lt*fit»ffSt5:H«-(?S5, 



JP 2004-22785 A 2004. 1 . 22 



x i&mx # zmm t -r 3 z. t & x £ 3 . 

[0014] 

. * co ffi £ Uli, « t ft 3 ISSc /h mi$ , # B B B fifc5iMi^fel»ltg^t5, * co ± 
a> e, , GaNi^fitSiit*, T « -e co a © mm ic.B ft K co ^ |% ffi m , o * <9 => r gfl £• 

[0015] 

G a N*i B B B i««I#W4SI*'St Ltli, 2fc eo ii 9 -C fc 3 . Jf , G a Nf?r)*fi 

& ^ » filSt'TilS^iitSr i^^tt^t, GaAsSS*«5(fS L^. 
T it £ W. <D Jc \z , «x.tf, S i O 2 m frb * 3 tt £ & HU ft lc , «^tffflJWWl-^fi!t-r« 

. w <o ^ is , = r as co le m ft i- t£ o x , k h ft , 5 im*^ h 7 -r /ttt-fcs. 

[0016] 

^©1, HV P Effi (Hydride Vapor Phase Epitaxy ) »C 
T , GaN5rif:SM^S-fa„ iSfii, « i C 14 > 1© - Vl^ OS i: t 7 7 t y H 
7i5 ^ fig $ *i 3 „ W X li , ri ? K «x r- ft CO — V CO i§ -g- (J v 77t7hffi^?)iS f y h 
d< & Pl| IE L < fife £ ft , ffi^5^h7-f7°#tco^-g-ii. /!) XAftt07 7 t 7 HiJill* J 
ft 3 = 

[0017] 20 

G a Ni^tgjf fc|, Tifilffi^^i L, $ ^>t, G a NCOffKg ^flfgOni, ffi Eg 
»ILTSBS:¥iftt5 c ^ ft fc <fc o T , G a NS« tRit 5 I t i4« T? # 5. GaN 
S|gcoff:$(i, i*(c^^tti*3o 

r ©Hi: Ltf^l^nfcG a NSffitt, c 35 3E E T- £> 9 < ^co^ic, fSwf'fXiOK 

W fl- co * t£ £ ® AS . =1 r 35 n lb -4 x , eisi[Sg*siL<|^(i^lX(IS«t»'j;otK 
3 0 

[0018] 

L rt> L , ±i»J: 5i:Lt8jSSjifcSrj|)S:«)«CG a NSfi («7> SrlG a NSSi: 
to) ±ICG a N5Sf «|«:i^-f KT-OiffllilSr^^Lfc!?!^*, fifj 3£ L f£ & co 5ff 30 

* 1 co m a « , » si {is <o m , =■ r sb co * m ft s r i>* « as ® x m ft tt m t m tt 3 tz * «c 

« =>T«MSWE#£ftll<> WlgEA^z§trJL.7tiii^S^^eirLr?»3-t7?fc3, ^rCO|S* 
. e as flt ^ 8s * sfe I'M* J? Bfl Ad X <n ifu ft 3 „ Mx. I4'^i A! f y y h t ? 

31 /-> co ^ ffl 3j5 at line t£ o fc 9 , m n % < & o fc 9 -r 5 „ * fc , 11 §s co tz «o co ^ ^ * % 

[0019] 

m2V>f$imi* J !rM*mBffc<DWlMXtbZ> 0 M iM it \k , u - if' • /< - fl? fi)c co ffi |c. G a A s 
Sfi^roKHttoHv^iSfi-Cfctitf, tfi w J; 9 , V m ffi g|5 (c ^ & £ A ft 3 tz ft 40 
■C, 9xASr^Mt5 Z t 5/>5« GaNiS^WltK^^iltroi^SSli, 

-'>co^ft{ci?fcoT^MT-ie^lcffioT'7-^^-i^^Aft/j:^i: . §1 f S» lc o t Hi 
*Klc§f|lf]i-3c«t^g8L^ 0 

L L , ^ 31 /n co^ft (c ^ 0 -7" ii * B * Aft «fc 9 i: L T <b . » *g co » @ « it ffll lr fi u — 
¥ * h 7 7" tJ5 *t T 3 J6 (c , t7=-/N^:S(c^.fc"9ii:^(7>-7-^^^|^Aft3rir(±f^ 

!>x/sfi, oJ^ifiLfcttw^x^Bt-r^^i^Atii^ttSt^ ±iE<o 
^e^BSLT, ^#*ISS:f UfAilSC i: i''ILV\ co fc i* , <7-#=*-i»co#*y=3e- 

^ » M s I- g$ * l r , ¥■ m. x ¥ m * » dfl ffi * # 3 r. t -e # <c ^ . 

[ 0 0 2 0] 50 



(6) 



JP 2004-22785 A 2004. 1 . 22 



WlroUitli, G a NSfc^agftU- — V * & M m If X foW L it ri* , ;»S5|ttG a N 
[ 0 0 2 1] 

[ sua * m * -r 6 fc * co # a ] 

* * W # li . SSGa Nlfi»IIftl:^l, =1 T SB ifts H fi <fc L T » @ L * t > <t 9 lc f -5 

iD tc , (ie3feWMPCtcf^fc5tt±»fW»^7 l y7'K>WBi*jfeS:BB«-f*wi:»cLfc. -t 10 
Lt, W m . S^Wi^ffifciSiS^ffiSrW?! L, K ft L fc ft « , W 

Sttgro7/i'5 tSr»«tti: L> ★ ^WiSffii-fS^SflfttlcJ;^ a 7«*iB(i S t 4 

- * , ?xa(D^|SI;MLT, * % W # (4 , G a N S « 14 §| M & (C g. L t * tz. tb (C , « Jfe CO 
«fc 9 tc >7 i /n SS SIS co ^ & e, T St W ^ 5£ Ik co £ IS d ft o T It # < - £ tfs & g fe 5 co co , 

9 m< , ^r^*«lS:A*LT^/j:^S|J»ro*WIEf±sptaBlc/f5 i t & ji <^ til Lfc 0 
[ 0 0 2 2] 

IC, ^#^StiMBt«SI« IC ffl iS L T , # $6 W # Ji , HNizEcoff^GaNS1S40± 
IC M f& £ in it G a Nl*il$U - -tfS^F-4 4 CO U — If * h 7 Y / SB 4 2 , H 9 (C ^ i" <t 20 
9 «C . 37»3 8±-eil4<, =7g|i3 8 (7) ftl <;) |S ^ i ?g S g « 3 6 |C i fig ^ H t ^ 5 r 
H:a@ L „ i9«|ftG a NSSiiSitSG a NSR^WfcU-lPjR^WtKjfcfcK 

o 

jfi G a NSI4 0 1ICG a N5fc¥#f£L'-l7 i m^&ff$j&-r3i;#|ci4, U- - if * h 7 ^ 

7*9! 4 2 li, => T $(5 3 . 8 co IE ?ij CO V > A> A/ £ ft 4? T , ¥ ffi ft IC (4 , 121 7 ( a ) 7)> h ( c ) 3fc 

t)< (C 0 8 (a) & If (b) [Z TP -T «t 0 tC, ^4x^"tL. ^T^38i:^Tg(538i:COP^COfa 

A life £- JK ffl AS 3 6l:«lt^5, 

* w -C . * % 91 # (4 , ¥'/fe¥tl*^iffiSr®)tt5J:5l;^x/>|c>r^aE-^$rAti5i: 

S fc 9 , ■J'^^W|||S^-^^^:^±(r#T5Ei-6±rw^TgP3 8±^'>-^^Mi^^lt^5^ 30 

, JJc \>" T- 4r # m IC ft o T * ^ ^ £ II ffl -T 5 r £ £ * ffl L . 
[ 0 0 2 3 ] 

L T > *«SMtt, U-f ^ h7-f 2*»3T»3 8 fc37(|!3 8 tOBl:»ril4 

7)5 ^ # ^ co fc ft \z m W $ 4x 6 <t 5 * w t ^ r. t £ H ft I c <t "5 SS IS L fc „ 

Mic, ^fg^^fi, 37»3 8±l:y^*iBS:Aixici:i:J:!i37a3 8ro»WffiAS3p 

» E lw * & ft < T t , 3 T $15 3 8 CO ft US ffi »* ttj W % ffi T' 14 ^ co t? . U - ^ W tt U # x. S 

f£ « 7)5 % <k* m c > - 4: t> 5ft B U . 
[ 0 0 2 4 ] 40 

I^T-coMJt^ffi («T, ^ l ro^B^^ftif 9) (4 . ilfflco(6«;^XI5i6fflisicJ;'9^ B B B AI5(& 
«af*s»!^i8!«gE^|!feffl«*«fflJHW*a*RE±E?i|-C«SS:JtaL-C^5G a Nl«5rl 

G a N S « <b 5 !?x^±|;tft^D 'J'A^^ig^m^-cofflSmit^T^fiXL/c^, G a 

n s ts ffii co -7 3i jg & m m l t ]« nt ^ f 5 n m it x a -e 14 . g a n s « m co r> ^ ^ a <o 

BHJPISVfi >)/]PIlC«< ttllfi 9*PIt', iltti LttgO. 3 (i m y J; 1 5 
(i mWTwr/k? ffffftSr, mmWi t Lr7k^ftfflt57/L-;t»iCJ;i9 ^m/NCOG 

[ 0 0 2 5 ] 50 



(7) 



JP 2004-22785 A 2004. 1. 22 



S 1 O«W*ft<0ilfHklS©7;^ tiff, ggO. 3 ^ m»± 1 5 m mHT»7^ 
l-)-mm%L&WmW{C *fc « 0 . 3nmgT»7/Ktllli5:«ltti Lttt 

5 h MC P t l^«(0 3 7aiS9 ^lifs^^ffes,, £ ^ 681 5^mHJt©7* 
5-t-flf*ttSrflf*tti:LTffi5i:, W « rt> A £ £' T , «iStt±lf Srt? 5 : i: L < 
ft 5 i> b Tf fc 5 . I I: li , ftlffl t t5fc*lc, r /u # !> W IS \c {X X X 7k £ flF 18 i£ t 
Lti>5. ft , fit S a* /h $ i> t , f ilcSt5^HASft< i5ot. S * L < (4 « ■ fi£ S (4 

1 Ojimtlll 5 ,u m T" £> -5 c 

as i <d m w & -? , ^ 4 -y m m x- m m -r -5 m <o r n <p m 9 to & tc , mm w l co it jo go 

i^K9, W««ro«£*<B ft ^fcBMfc&fTp^i: 
[ 0 0 2 6 ] 

ft ± tf 8'J <o *p x w Atr co m v 1m x x- (4 , *fc fi *s 0 . SMmaiSjumyTro^-ftiet' 

G a NSSflJW r> i^I^ffiti, ^ 8'J Q 1B X T' fit fl 3 n m ^ ± © ^ -f f ® t f»I 

tst, tt ± rf m <9 «c s 5 m in a* « < ft •? , ^ is m m # jb < ft s e> -t* s> 5 . & m m m 

A* 0 . 5AimJ^T<75^^ir®fi:T-W«-r-5t, MCPtl^#ft=iTgI5^i9J55tt±«fX©W 
i« K f£ ± L . tt±lfIif^*t5li:!iSlL< ft 2> *» T- fe 5 . 

tt ± rf B'i *) m x x* <4 , mm-tzv^^m&tgftk&itzmmmb it/<7f iji^s?, 

'<7«ai!t8S:ttoT7yu5tif Srff i d i tc 4 «9 . ft # ft SI B W * £ 9 :HitJ 
S . 

[ 0 0 2 7 ] 

-h IE g W £ it fig -T 5 fc * lc . * |g b^ (r & & £ \t iJ V V ^ ?h * M \* m * <r> m n X ( &L 
T , *S205*ip?*i!fei:S5) f4 . Jafflote«B«>:ffe««J: , 9ii*^|ife«S*5»^W«ei^ 
PfeMlSE (»T, # Jl 88 W ft * t£ BE ± B2 *J T' m & & M il L T V * 5 G a N « K 

g a NS«75>^fts <? ^ ± m. it # y v^&^mfcmi-cDffimmm&Bf&L, <? 

m m it L ft , ^/^KSt^lIlfir^JfS^fiAliAftSIl:, GaNStfi 
O 3 7 Sf i: 3 T AS t O IR] T* DQ 1^ S: Wt tt T => T «|S ± U - if ^ h7^7"lcitti!St6*^Ki^ 
^/ * « «Sl -C ft # , = r»±w^^^Slft*»bft.S«»ttw^^*i»4:^3t^^filctofc 

[ 0 0 2 8 ] 

I^Lfciitro^^^t^^x^^ftic^fcoTAJaS t , »H)ffij4«S»ft¥»B-eft 
< ft n . jS»»r^3ty><o^ja|f|5^ro^-^^^^Sr^:t+fc*-g-lcl4 N ^ I © ^ H f |; jfi 
otMfSciiilU ft5„ 

^2<7D|gB^^-/£T-(d;, Ga NS4£co^Tg|5_k£;U — if ^ hy^^lCja^-r^^rSKllt^^r 
NSS&jE»i:^Mt5rtdST*f5„ L i> t , = 7fli t = 7 » t «K 4 ^ it: L T , o 

u-if^h7W-rwg|5^(75^^ffilcy^dr^(rj:5af«Sr4-^5rtd5ft^ 0 
[ 0 0 2 9 ] 

^2ro%Bj^^cojfig/ c cS|]!ifii^T-(±, ^ 7 AS ± 5r W. %t m , CUtf 2 @4ia 3 

r = 7A5±ro^^ r d f -^,^^^i5g-r6 0 3 7 A5 ± fi tt « 6*j fisl « ^ US < . l lalt-f Hi^w^ 

S/c. ^^/^^^coft^ll, xh7'Ty^©37aiKitSxij:K7httW37ai<oMJ:i9fi 
m =f- <n \s — if 7. H9'C7'«J<oJHBS«W±-e*>5. 

y ^ ^ ^ A tl -5 3i yN 05 (4 , G a NlSIro^iAfflt't,, £ fc , « € « ig ffl'J (O V 31 ^ 
ittSi'^, G a M S IS m <D V 3i OS \z >r il * & Sr A H 6 t # lc 14 % « € « it 1»J CO ^ 
^>BS<o^iaA5^^WcoBS*&^i:ft5M^^^^illS:A^5w t^ff* Li\ 
[ 0 0 3 0 ] 
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§? m "f 6 (- f* v y^ + i^AHfOxAffiiSG a N S *g fiUI <D <y x. gp X li f» € flf ig ffl cO 

■)x/siffc5A>i;;)>A>fcf,f , ffi m m m m w •> ^ ^ s *• r t- l -c 5 » « ± m @ e l . g 

a Nlfill© Cx/xffi± Jn-7T*S^fii;ifillt}f)I LooG a N S ffiffll » l> x ffi Jt t? 
r> i co G a N £ tg M % T »C L n — y X If I£ ir 5 i: , ^xa©G a N £ >& (91 £ n — 7 X T 

ic ff ee 1- § *§ ^ ic tt ^ t . m m m <o ¥■ m & m b X- $> z 0 

[ 0 0 3 1 ] 

HSO ! l2«)«ll*feli, =T«|J*sfllSBW*StR-E±iB?"J-ca«S:JtiiLr^6Ga N 
Stg^rStgirLT^^^y^A^^^^ST-SrSliit-rSPg^, ^ *f f£ u - IF * ^ , 36 ft ^ 10 

* fc , as ft # y fA^^at^u- — -^sis^-s:j!jje-rs8s<c:j4, n ft # y ^A^^^^u-if 

* w «t Kfc . m 7L \t % m c >a tf) m m . m it * ^ « a « <o « ^ ^ mu n * < m m x t , * /t *n 

1 0 0 3 2 ] 

& T ir , flSf+iasiS:i*flRL, H ft ff? fg #1 *• ^ (f T # 18 W co * M co ff? tt «: * * tfj o ft iM 

n n -r 5 „ 

5 as ^ tie gj 

* ^ m n m mtz ; m i R.vm 2 coftrnfttincm zgntx v <? ^^^mw-m^-^^'M^m^ 20 

G a N^^^ffcU-lfm^COiSjg^igffl L fc % tfe ff? ffi co - tfij X 3b 5 . HI 1 tt * * % ff? fig #1 

* VBEI. 12 (a) ?5> P> (c) tt , -t *t •?? *L , ISf0Bi-5Bro#xeS:BiM1-5ia-Cfe5 

o 

*^*|giWC'fi, /a IS 60 (S * 4c Pfe m *S 3 6 ± ^ 0 |*tegg^|i^r»3 8 ^ j§] ffl 
WfcS*Kffi±E^I"T?£«S:JliiL-C^SG a Nl«4 0 5:Sffi<b LtHt\ m 9 M tj* -f « 
«WGaN5R*»#l/-f}||f4448St5. ***»H8«-C«i, H8 (b) C/^tG 
a NSfi4 0 £ g « t Ltl/^o 
[ 0 0 3 3 ] 

6 "f , ffi*tRI«l:Lt, g a N**«#i/-f *^ 4 4ii*t5«lliS, # UN £ & 30 
» « at , &t/«SE^^«ifiSrG a NS«4 0 )S» 4 5 r>zcyN(D c E ± tc m tit -t Z> o 

m ^ T , teill2 8 ftil2 8?:iP LtpSG a N^>^^ hl2 4li; P 

1 iffi 3 0 «r x ^ a S t ¥ff 4 * Pi I; f fig t 5 e r. J: 0 , iilgi^xAOm 

[ 0 0 3 4 ] 

ft t ^ -C , M K <t X fl tC # tf L , G a NS«l(7)^xA®^ff||Lt»Ifct6 0 ^MMM 
m m <0 m R ^ X a -C tt , !>xawg a NSS«SrJSfiHJlDIL, S^-CtMUPI-e, & 
flT^O. 5 /i mKJ:3 m mWT^^^ tffilfttG a N Ifii W !? x/Ng ^ig L t , gff 
<Z)KW-W*+tt±«fW«L^)<75ff^. W X (i 6 0 a mfr h 1 2 0 ^ m S tK ff S: m S i" 6 
B tt±(f5fiL5fi, it, 5 m - 1 0 // mtfc^o 40 
[ 0 0 3 5 ] 

+ m <o to x tc^ < ft ± «f m 5 * x -el* , wwje«£LT'<7w*jett*rttv^ i«tm 

T «[ a 0 . 3MmKil 5^m«T^7/^t»«tti:, §•« t L t* tttffl t 5 t 5 
7/U tffl: J: ^ »ft 6 0 -t L T , G a NS(giW-)xA®^5 /i m^Pj 1 0 /i mg 
J!S«JF1S LT, WlgffiS:«£SD«ciff^tfc±(fffi«c-rS <b#^»tEffSr0f^cot8:f-f-ff$ 5 0 n m 
-120Azm(c-T^ o «>xAS:flf«Li8?t»<46i:, iiff* t I:«ti5 I t t 6 

L, ^7ii£Sttg#*[Si[:>>xAS:@(E$tooG a NSSHlOjx/Nfi/^f I 
^tCStt^-tttffif 5 0 50 



(9) 
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[ 0 0 3 6 1 

-f cfc 5 l£ , « Jl « i£ fflij CD ^ ^ ffi 4 8 (C ^ # =fr jR 5 0^Atl6 o 

^ # =^ ^ 5 0 ^Atl5K(^(i, Ga Ni«4 0 (7) n 7 ^ 3 8 t xi T gtf 3 8 k <D K & Wl fSUZ 

L T ^ T gtf 3 8 _k £ u - if * h y 4 2f£jff£+S#fi{£ttan*T^;tf**S*|5 0 £ 

Aft, 3 7ffi3 8i(D^#*fiS5 2^^i6«««(^^#*«5 9i!?XA(^5ji|f g 

» ^ K ft , =7»38J:tli, *^C(j:n7ai3 8£7)jifia4 6±^f*t6o KTt, 
PI i t fo 6 o 
[ 0 0 3 7 ] 

* SI J6 tS « -e tt , ^#^Si5 2 t^S^li, 3 7«|i3 8(7)BJ:9S<, u- — if ^ h 9 
^914 2 CiL^^S^ M 7L a 3 0 /i m "C fo 5 0 * fc , ^#^rg,S 5 2 i |(0^i/^rg 
»5 2 t <D m M d tt , Ga NJR^WffU — 1fSltT-4 4 CO U — If X b 9 ^ g|$ 4 2 CD U — if 

* h 9 -f ^ M W (B9#B) Kit'fe5o * SI KE » « « "C tt , i/-f ^ h ?>f T'dw* l 
. .6 /z m t* o t , ffl IH d 3 0 0 az m -C *> S o W , G a N l/-f 4 4 
•y^fili 3 8 4 /i mt'&Sc 

*"#*i5 0 t<r#*»5 0 i^WBDIi, G a N5R**# l/-f *^ 4 4 Oftfiftfi, 
#ij X. { -f 7 0 0 n m T* fc 5 o 

y^/^rSS5 2^Atl6lC(^ ^7^3 8i^It0, W X. tf 2 @ 4 va 3 S ^ t 
[ 0 0 3 8 ] 

ft ^ T* , §* Bfl fls * d » 5 « RWtS^O*!: Ii« * 5 t, ^ <o , M x. tf ft (7) J; 9 d L T §? 

Sfc-f, S 2 (a) [Z jjk T & 1 y ^r#^ri5 0 4: All fc «I iigi ^) x ^ ffi 4 8 t5*t 
fflO <£> B5 «: tt # - h 5 4 CSf ^it^o 

ft ^ "C , HI 2 ( b ) C^tJ: »S»iti^'?3:AS4 8SrTl:lt!?XA40S:^ 

5 6 ±C@£f 6 0 o £ 19 , ^#*«5 0 SrAftfcaSilWw *x/nB5 4 8 Sr^A 
£5 6 Jh ic *g ftfc £ -ti: 3 0 m ^ X , ^m/>®4 8<0*H!^SI6J:9fit^ft*Ocr — 9 5 8 T* 
tt * — h 5 4 ±^?> >?xyN4 0 S: =f A ■& 5 6CjfELoop- 7 5 8&\*im£-&r'rjf 

if& 5 0(£iSX^S*ian::*fT£-*5o 
wftlCj:!), ^^>i504teiLT»)x^40^§tiL, m 2 (c) Cl * + i 3 K , /< 

— «**#fi»ft(c«Ui^u — 1f^— 6 0 8:ffKt5l ttf t*t 5, ft ft $ ft fc u- - If — 
6 0 tt , 3 7»3 8 0ttg(ffRIS6 2 B t ft fc W W , l/~1f;*h^-f:7 P 4 2COj)ffi 

flfl ® 6 4iiiftt¥»-C¥a<eI4: LT«IJtLtt^ 0 

[ 0 0 3 9 ] 

ft t * T* , ll*i:Hil:Lt, u-f /<-6 Ot^-f ^ hy^T'^ftCfyyitJC^tl 
L T ^ y Zf it -T 5 0 

^ ft (d J; 9 , *«4GaNli«4 0il:»*ShfcGaN**i|#U-f #f 4 4fcffB 
[ 0 0 4 0 ] 

* SI It » fll 0J -C tt , tfiHlDIt, 68*0. 5 /i m(Jil±3 /i mKJlT^^'f tffifttG a 
NSffii^^x^iiiJlL, ft ^ -C tt ± fi»] 9 *P I , Bfg^St Lt^7flfI^tSr 

V ^ N iiM^r LttSO. 3^m«J:l 5 ^ mH7^7^ ; tilt il^Ht 
*?:tfflt67/U; tilCJ; ^ G a N S ffi ffll (7) ^ x /n g ^ 5 ju m 6 1 0 /1 mgSi 

- ft J; 9 , ? 7 y ? , = T « » 0 , *«R9«<^ffi»*|ifefc*££*5::<tft<, S 
J? FJr CO t£ f+ J? £ 5 0 Mm - 1 2 0 // m T* fe o T , ftElCffiV^ttJitfffifclW^-SJ: 9 C 

[ 0 0 4 1 ] 

* fc , Ga N mm<D =» T ff|S 3 8 <t^Tgf53 8 t ^) ffl «: K FIC L t 7 «i 3 8 ± £: U - If * 
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l-7'f7'Sil4 2 iciff^-t- 5 -ft ifenctt ifi\^X >r ii 5 o 5: Ah, =793 8 l»y#^r 

o 

6 0 S:#lt 5 r t#f§5„ 
[ 0 0 4 2] 

* * m & m m x it . ^rs3 8 a* * h 7 -r 7° m iz m & & ti x i > 5 g a nss 4 0 * m iz l 

tv»5* s , 1216 (a) ri» P> (c) i:*tJ; ? )i ht« = 7il:Wt5G a NSIt'fo 

oTfc, 0"l ;t (4* HI 3 iZ -f «fc 9 iZ , Kyht»tC03r|f|53 8Ji(C-7-7(/drM^5 2Srft^#, 

1/ ^4 8 £ 14 & M m , O * 9 G a NSffil(?)i>XAil;/r#*S|:^itt t^t', ffi L 

. G a N S ftlj (73 31 /n ffi (- -Jr # dr «jl £ K It 5 £ # t> , ffi Jf « it ffljj 60 £ 31 ^ ffi 4 8 CO Jl 
iatTCUBIlllSiSfcfc ft, o ffi * ffi m M <K> 7 =c /> ffi 4 8 & T ic L T , 

# £• l£ It fc G a N mm\9>\ <D V ^ /^m Z & — 7t'}fEt5, 
[ 0 0 4 3] 

[ 16 W Si % ] 

m 1 <r>^m^miz j:i%i-£, {'x/ACGa & V f M 9 AD I (c m < ft 

± (f m <0 M X T- , W m *t £ L T «t & 0 . 3 ju m tl ± 1 5 y m U T CO T /U 5 i~ W & U £ . W 20 

y V % =1 7 «5 fli 9 . i£«S«J<StroW*>:|SfeS:«^$-ti:5ri:/j:<. 0r £ <Z> S « J* , ^ ffi 
ir ifi ^ ft _t if ffi (c W -T 5 J: 9 K ? ^ * » Hi it f 5 r. £ a* T? # 5 . 

[ 0 0 4 4] 

m 2 <n m W ft m iz «t ti it , =» r 8s £ =» r ffi £ co m & Pfl m iz u r g a Nisroarsiii^ u 

bt£Zfa&kft<nfrtf*m&t^"CD&ffl^fem<D-£:g:lZt>fzi9$ti-t, ^ ^ T* -7" 11 * B. iz » 

^/ y -^A^^jgft:*^, w * if & # u - IF as « a* i«r fig g ft # y >Ajti((!i/-f* 
[ m m <d m * & & ] 

[ m 1 i m mm m m n & &nz m o x g a Nis^tfts ^^iciri/ts^Atisiro 

tT^#*i*SrlftB^i-5¥Sllr-fc5„ 

102 ] H2 (a) (c) 14. ^-tifh. »M1-5BSro#xaS:l(lW*-Sia-e*>5. 

[ m 3 ] ^ M B M m <n ^ & \z % o -c SU w = r SB ie ?ij co g a n S *g a> h ft Z <? ^ ^ ± iz >r 0 

[ m 4 ] BtJrSSsafifc^GD* h7^7 0 fl|5t^11x.itGaN^^«»:u---tf^^(7)S*Wt»fiK 
SrttW-fSSKWfaiBI-C*)*. 40 

[05] H5 (a) /J> «b (e) i± N tl ^ , GaN^^#($U-fiX^Slf5^« 
W « R V If M * Hi * K 0^ I" -5 «4 % IH T- *> 6 „ 

[06] 06 (a) Rxy- (b) , Jrtl^'iV. 37»fe|llWt5Ga NSISCttftHStf 

»t ffi 0 -e -5 „ 

[07] 07 ( a ) fi> h ( c ) it . -t* ft . ='Tg|5cDgB?i]Sr^-r*tgcO¥ffi0T-fc-5 <> 

[08] 08 (a) Slf (b) |4 » -e ix 4X , 3TgBcog2?ij^7r:i-S*g(7)¥ffi0T'fc5„ 
[0 9 ] «r « G a NSKJWttJG a N*^J»ft:U'-1»'*^K)fl|fifcfir|ftW-t-S«iKWr 
ffi 0 X ib Z> <, 

[ n ^ co ift w ] 

10 Blr$§8SG a Nlf §*U-f|i, 12 nlGa NlS, 14 n 50 



(11) 
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®AlGaN*9s>KJi, 16 niGaN**^ Ki, 18 I nG a NiStti, 

2 0 pMGa N % Jf 4 K M , 2 2 p M A 1 Ga N ? 7 y K Ji , 2 4 p S G a 

N=i>^^hg > 2 6 U-lf^hy-Y^SB, 2 8 Si0 2 K , 3 0 p«l 

« . 3 2 n fflj © ffi , 3 4 9f K & flt Jft a G a N i£ & A £ « % 3 6 f&^S^Pfeffl 

<fi , 3 8 ffiSr^^PfenSiUc ( n T SB) , 4 0 G a NS«(DSS®«, 4 2 U — 

h7-f /SL 4 4 G a N*^»*U-f 4 6 «S«ifi(-*c^Lfci«« 

* & Pfe nH iUc , 4 8 * /n CO ft V » % ffi ^ £ ^ ffi , 5 0 4r # 3f if* , 5 2 4r # 

*§ iBI , 5 4 3f i/ — h „ 5 6 =*' J* , 5 8 n — 5 , 6 0 u — if — , 

6 2 3TflBOJ««FB»BBffi x 6 4 l/-f ^ h7^(/(Offl3SffiBo 



[[Hi] [[32] 
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t ei 3 ] im 4 ] 




14 n^AIGaN^y Kff 

16 n^GaN^I^^V KH 

18 ]nGaN;£i4Ji 

20 pMlnGaN^25fe^-f KJf 

22 pgAIGaN*^-;/ KJf 

24 pIGaNn>^^ h/f 

26 U *s>* h^-r 

28 

30 proms 

32 nffilfMS 



[ HI 5 ] [16] 
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(e) 
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[ El 7 ] 

42 U-fXh^-f^ 

(a) ) 40 mmm 




(b) 40 42 




[08] 

(a) 

36 te®&Atof&m 




I m 9 ] 




36 fe®mxmm® 
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